Abstract. Steroid receptor coactivator-3 (SRC-3) is a transcriptional coactivator that plays an important role in the regulation of cytokine mRNA translation. In the present study, SCR-3 gene knockout mice were used to study the effects of SCR-3 on the regulation of the inflammatory response in peritoneal macrophages induced by lipopolysaccharides (LPS). Peritoneal macrophages (PMs) of SRC-3 -/-mice showed a decrease in the release of TNF-α, IL-1β and IL-6, and an increase in the release of IL-10. Furthermore, results of RT-PCR also showed that levels of TNF-α, IL-1β and IL-6 mRNA expression were significantly lower, while the level of IL-10 mRNA expression was higher in the SRC-3 -/-mice, compared to those of wild-type mice, following treatment with LPS (p﹤0.01). In addition, western blotting revealed that: i) the extent of reduction of the glucocorticoid receptor in PMs from SRC-3 -/-mice was significantly lower than that in wild-type mice (p﹤0.01); ii) the extent of increase of AP-1 in PMS from SRC-3 -/-mice was significantly lower than that in wild-type mice (p﹤0.01); iii) the extent of increase of NF-κB p65 in PMs from SRC-3 -/-mice was significantly higher than that in wild-type mice (p﹤0.01). Collectively, our studies revealed that SRC-3 may play a key role in the maintenance of innate immunity. Furthermore, absence of the SRC-3 protein may result in the partial loss of inflammation and phagocytosis barrier function, including suppression of LPS-induced transcriptional activity, release of TNF-α, IL-1β and IL-6, and obstruction of the function of phagocytes and elimination of bacteria, as well as their production.
Introduction
The steroid receptor coactivator (SRC) family is composed of SRC-1, SRC-2 and SRC-3. These cofactors interact with nuclear receptors in a ligand-dependent manner and enhance transcriptional activation by the receptor via histone acetylation/methylation and recruitment of additional cofactors (1) (2) (3) . An indispensable member of the SCR families, SRC-3 belongs to the p160 family of nuclear receptor coactivators that significantly affect physiological function and growth and development, involving cell proliferation, cell migration, cell differentiation, somatic growth, sexual maturation, female reproductive function, vaso-protection and breast cancer (4) (5) (6) .
Macrophages play an important role between the natural non-specific immune and the specific immune responses. Macrophages promote inflammatory reactions and activation of T lymphocytic cells through secretion of cytokines or antigen processing and presentation, thereby initiating specific immune responses. In addition, the above-mentioned effects of macrophages are induced by different stimuli, such as LPS and cytokines. The ability of macrophages is restricted under normal physiological conditions; however, detrimental effects are induced when the responses to the stimuli of macrophages are altered.
The activation of the inflammatory cascade is significantly involved in the development of resistance mechanism disorders following severe trauma and infection (7) . Over-activation of macrophages following severe trauma may induce the synthesis of cytokines (IL-1, TNF-α, IL-6 and TGF-β), and an increase in RNI and PGE2 (8, 9) . Subsequently, the level of inflammatory mediators in the body are elevated (10) . Finally, systemic inflammatory response syndrome (SIRS) is caused by a local inflammatory response induced by severe trauma and infection that is thought to be mediated by the presence of circulating inflammatory mediators. Therefore, SIRS plays a crucial role in the development of resistance mechanism disorders following severe trauma and infection (11, 12) . Overactivation of macrophages increases the susceptibility of sepsis after severe trauma and infection, which has been described as a 'two-hit' event (13) . The first-hit of severe trauma primarily induces the abnormal reactions in the body, such as the release of inflammatory mediators, and the second hit (such as sepsis) may lead to multiple organ failure and death.
To investigate the effect of SCR-3 in the development of SIRS, we studied the regulation of the inflammatory response by SCR-3 in peritoneal macrophages (PMs) based on the primary cultures of PMs.
Materials and methods

Animals. SRC-3 knockout mice (SRC-3
-/-mice) were obtained as previously described (14) , and wild-type (SRC-3 +/+ mice) littermates served as control (both were of a C57/129 mouse background). All experiments were performed using 3-monthold female mice (20-25 g ), that were acclimatized for 1 week prior to the initiation of any procedures. All our experimental protocols were approved by the Animal Care and Use Committee of our institute.
Peritoneal macrophage preparation. Thioglycollate-elicited peritoneal exudate cells were obtained from 3-month-old C57/129 female wild-type and SRC-3 -/-mice following intraperitoneal injection of 1 ml Brewer thioglycollate broth (4.05 g/100 ml; Sigma-Aldrich, USA) and lavage of the peritoneal cavity with 5 ml of medium 3-4 days later. The cells were washed twice and resuspended in RPMI-1640 containing 10% heat-inactivated fetal calf serum (FCS; Hyclone, USA), penicillin (100 IU/ml) and streptomycin (100 g/ml; RPMI-FCS). Macrophages were isolated from peritoneal exudate cells as described (15) . Peritoneal exudate cells were seeded at densities of 5-6x10 5 cells/cm 2 on Teflon-coated Petri dishes (100x15 mm), and the macrophages were allowed to adhere for 2 h in a 5% CO 2 humidified atmosphere. The non-adherent cells were removed by washing the dishes twice with 10 ml pre-warmed medium, and the adherent cells were used as PMs.
Measurement of cytokines.
Concentrations of TNF-α, IL-1β, IL-6 and IL-10 in peritoneal fluid were determined using commercial ELISA kits (Jingmei Biotech Co., Ltd., USA), according to the manufacturer's instructions.
RT-PCR assay of cytokine mRNA. Total RNA was prepared from the PMs using Takara reagent (Takara, Dalian, China) according to the manufacturer's instructions and quantified spectrophotometrically. Primer sequences were obtained from the literature or by Primer 5.0 software and were designed as shown in Table I . The PCR reactions for TNF-α, IL-1β, IL-6 and IL-10 were carried out for 30, 28, 30 and 30 amplification cycles, respectively [94˚C/30 sec; 53˚C (TNF-α), 54℃ (IL-1β), 51˚C (IL-6), 52˚C (IL-10)/30 sec; 72˚C/60 sec], in an RT-PCR system (Eppendorf, Germany). Ten microliters of each PCR product was electrophoresed on a 1.5% agarose gel and visualized by ethidium bromide staining.
Western blot analysis of glucocorticoid receptor (GR), NF-κB, AP-1 and IRF-1. PMs were collected, and 80 µl M-Per™ Mammalian protein extraction reagent (Pierce, USA) was added; the mixture was incubated in an ice bank for 10 min. Whole cell lysates were obtained by subsequent centrifugation at 12,000 rpm for 20 min at 4˚C. Protein concentrations were determined using the Bradford protein assay kit (BioRad, Hercules, CA, USA) with bovine serum albumin (BSA; Hyclone, USA) as standard. Subsequently, 40 µg of protein extracts was subjected to 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE; Bio-Rad) and transferred to a Protran nitrocellulose membrane. The membrane was incubated with rabbit antibody polyclonal antibody or rabbit anti-Bcl-2 polyclonal antibody (Zhongshan Golden Bridge Biotechnology Co., Zhongshan, China) at 4˚C overnight, after being blocked with a 10% BSA solution. The membrane was washed with TBST buffer (20 mmol/l Tris-HCl pH 7.4, 150 mmol/l NaCl and 0.1% Tween-20), incubated with a secondary goat anti-rabbit horseradish peroxidase (HRP)-conjugated antibody (Zhongshan Golden Bridge Biotechnology Co.) for 2 h at room temperature, and finally detected using the DAB kit (Sigma-Aldrich). β-actin (Sigma-Aldrich) was used as an internal control for data analysis.
Statistical analysis. All the results are expressed as the means ± SEM. The statistical significance of differences was analyzed using SPSS software (SPSS for Windows 15.0; SPSS Inc., USA). P<0.05 was indicative of statistical significance.
Results
Results of ELISA assays. Normally, there is no expression difference in TNF-α, IL-1β, IL-6 and IL-10 between SRC-3 +/+ and SRC-3 -/-mice. The concentrations of TNF-α, IL-1β and IL-6 in the serum of SRC-3 +/+ and SRC-3 -/-mice were significantly increased at 1 and 4 h after injection of LPS (i.p., 5 mg/kg). However, the concentrations of TNF-α, IL-1β and IL-6 in the serum of SRC-3 +/+ mice were significantly higher compared to levels in the SRC-3 -/-mice. The IL-10 levels in the SRC-3 +/+ and SRC-3 -/-mice at 1 h after injection of LPS were not different at 0 h (normal phase), but they were significantly increased at 4 h after injection. In addition, the concentration of IL-10 in the serum of SRC-3 -/-mice was significantly higher compared to that in the SRC-3 +/+ mice. The concentration of Table I . Primer sequences used in RT-PCR assay of cytokine mRNA.
Genes
Forward primer sequence Reverse primer sequence
IL-6 in the serum of SRC-3 +/+ and SRC-3 -/-mice at 12 h after injection of LPS was markedly higher than that at 0 h (normal phase), and the IL-6 levels in the SRC-3 +/+ mice were relatively higher than those in the SRC-3 -/-mice ( Fig. 1) .
Results of the RT-PCR analysis of mRNA expression.
PMs were cultured in vitro, and stimulated with LPS at the dose of 10 µg/ml. Cells were collected 4 h after LPS treatment, and total RNA was isolated. RT-PCR analysis of TNF-α mRNA was then performed ( Fig. 2A , right panels). Under normal conditions (0 h), there was no significant difference in TNF-α mRNA expression in the PMs between the SRC-3 +/+ and SRC-3 -/-mice. However, the TNF-α mRNA expression of both groups was significantly increased ( Fig. 2A , left panels) 4 h after LPS treatment, and the increase in TNF-α mRNA expression in the PMs from SRC-3 +/+ mice was markedly higher than that of the SRC-3 -/-mice (136.33 vs. 48.67%) ( Fig. 2A , middle panel).
Results of the RT-PCR analysis of IL-1β mRNA are shown in Fig. 2B . Under normal conditions, no statistical differences in the levels of IL-1β mRNA in PMs were observed between the SRC-3 +/+ and SRC-3 -/-mice. Following LPS stimulation in vitro, the levels of IL-1β in the two mouse groups at 4 h were markedly elevated (Fig. 2B, left panels) , and the increase in IL-1β mRNA in the SRC-3 +/+ mice was significantly higher compared to that of the SRC-3 -/-group (101.78 vs. 25.69%; Fig. 2B, middle panel) .
Similar results were observed in the RT-PCR analysis of IL-6 mRNA (Fig. 2C) . No significant difference in IL-6 mRNA expression was observed between the SRC-3 +/+ and SRC-3 -/-mice. Following LPS treatment, the IL-6 mRNA expression in the SRC-3 -/-mice was also increased (Fig. 2C,  left panels) . However, the increase in IL-6 mRNA in the SRC-3 +/+ mice was significantly higher compared to that of the SRC-3 -/-group (223.13 vs. 92.16%; Fig. 2C , middle panel). As shown in Fig. 2D , under normal conditions there was no significant difference in IL-10 mRNA expression in the PMs between the SRC-3 +/+ and SRC-3 -/-mice. The IL-10 mRNA expression of both groups was markedly increased (Fig. 2D , left panels), however, the increase in IL-10 mRNA expression of SRC-3 +/+ mice was significantly lower compared to that of the SRC-3 -/-mice (79.63 vs. 193.86%) (Fig. 2D, middle panel) .
Results of the western blot analysis of GR expression.
PMs were cultured in vitro and stimulated with LPS at the dose of 10 µg/ml. Cells were collected 4 h after LPS treatment, and total protein was isolated. Subsequently, SDS-PAGE and western blot analysis for GR were performed with 40 µg total protein as isolated. Results of the GR expression analysis are shown in Fig. 3A . Under normal conditions, the expression levels of PM GR in the SRC-3 +/+ mice were not different than those of the SRC-3 -/-group. However, the expression levels of GR in the PMs in the two groups at 4 h after LPS stimulation were markedly reduced (Fig. 3A, top panels) , and the reduction in the SRC-3 -/-group was significantly lower compared to that of the SRC-3 +/+ group (38.2 vs. 60.0%; Fig. 3A , middle panel).
Results of the western blot analysis of NF-κB p65 expression.
As shown in Fig. 3B , under normal conditions the expression levels of NF-κB p65 in PMs in the SRC-3 +/+ group were markedly higher compared to those of the SRC-3 -/-group (Fig. 3A,  top panels) . The expression levels of PM NF-κB p65 in the two groups at 4 h after LPS stimulation were markedly elevated (Fig. 3A, top panels) , but the increase in the SRC-3 -/-group was larger compared to that of the SRC-3 +/+ group (71.0 vs. 45.9%; Fig. 3B, middle panel) . -/-group. Following LPS stimulation, the expression levels of c-Jun/c-Fos in PMs in the two groups were markedly elevated at 4 h, but the increase in the SRC-3 -/-group was lower than that of the SRC-3 +/+ group (9.5 vs. 53.5%/14.8 vs. 89.6%).
Discussion
As immune effector cells, PMs are the major components of cells in peritoneal fluid. PMs account for >90% of abdominal lymphocytes, and play a critical role in the body's immune and inflammatory reactions: anti-infection, antitumor and participation in immune response and immuno-regulation. Abdominal macrophages are normally dormant, but they are activated rapidly by the stimulation of LPS, cytokines and pathogens. Subsequently, cytokines, such as IL-1β, TNF-α, IL-6 and TGF-β, are produced and lead to the activation of the inflammatory cascade and the development of SIRS. In addition, a functional disorder and suppression of macrophages are induced by the over-activation of macrophages; suppression of the body's immune function is accordingly induced. SCR-3 is involved in the activation of the inflammatory cascade reaction, therefore, it is necessary to investigate the changes after SCR-3 deficiency for clarification of the mechanism of immune suppression following development of SIRS. The main mechanism for inflammation regulation by macrophages is through the release of inflammatory cytokines. Inflammatory cytokines, including TNF-α, IL-1β, IL-6 and IL-10, are mainly released by macrophages and are important inflammatory mediators for the development of SRIS and immune function disorders. PMs were cultured in vitro and stimulated with LPS at a dose of 10 µg/ml. Cells were collected 4 h after LPS treatment and total RNA was isolated. RT-PCR analysis revealed that the increase in TNF-α, IL-1β and IL-6 mRNA in PMs treated with LPS (10 µg/ml) from SRC-3 -/-mice was significantly lower than that in the SRC-3 +/+ mice. These results revealed that SCR-3 is involved in the activation of IL-10, also known as a cytokine synthesis inhibitory factor (CSIF), is mainly generated by TH2 cells and mononuclear macrophages. IL-10 suppresses the generation of cytokines (such as TNF-α, IL-1β, IL-6 and GM-CSF) from macrophages through the negative feedback regulation; therefore, the antiinflammatory effect is stimulated, and expression of several costimulatory molecules and MHC II molecules is downregulated; antigen presentation function of macrophages is accordingly suppressed (16) . Therefore, over-release of TNF-α 
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and severe disbalance of IL-10 may be a critical mechanism for the development of SIRS and resistance mechanism disorders. Our results showed that the expression of IL-10 mRNA in PMs from both SRC-3 +/+ and SRC-3 -/-mice was significantly elevated following treatment with LPS, and the elevated levels in the SRC-3 -/-mice were significantly higher compared to those of the SRC-3 +/+ mice. The mechanism by which the expression of IL-10 mRNA was increased by SCR-3 deficiency may be related to the signaling pathway for regulating the expression of IL-10 and transcription factors.
Following treatment with LPS, TNF-α mRNA expression upon SCR-3 deficiency was suppressed, and the IL-10 mRNA expression was significantly higher. Our results showed that the balance between TNF-α and IL-10 was broken to some extent, and revealed that SRC-3 plays important roles not only in the regulation of synthesis of inflammatory cytokines in PMs, but also in maintaining the normal immune functions of PMs.
GR, NF-κB and AP-1 are known as important inflammatory transcription factors. They participate in the regulation of the body's immune response, and functional changes are related to the development of SIRS. The activities of these inflammatory transcription factors are related to the functional status of PMs, therefore, it is important for the clarification of the molecular mechanism involving the over-activation of PMs to study the effects of SCR-3 deficiency on transcription factors in PMs.
GC-GR reaction, an important stress and immune reaction, regulates the development of SIRS and possesses anti-inflammatory and immune suppressive effects; it also suppresses T-lymphocyte activation. GR can be treated as a ligand-dependent transcription factor, and GR can also regulate gene expression (17) , suppression of T-cell activation and proliferation by GC, synthesis of cytokines and transactivation of some transcription factors in the process of T-cell activation (such as AP-1 and NF-κB) through protein-protein interaction with other transcription factors (18, 19) . The expression changes in the GR protein directly reflect the inflammatory reaction activity and immune status. Following LPS treatment, the decrease in the GR protein expression in the PMs of the SRC-3 -/-mice was significantly lower than that in the SRC-3
The results of our study showed that SCR-3 is associated with the inflammatory reaction activity of PMs, and SCR-3 deficiency induces the responsiveness of PMs to stimulation (such as LPS decrease), and even induces part of the PM immune function suppression. The AP-1 and NF-κB inflammatory signal transduction pathways are the main links to the activation of the inflammatory cascade. GR interferes with the transcription activation of inflammatory cytokines through protein-protein interaction to suppress the synthesis and the release of inflammatory cytokines (20) . The decline in the expression and function of GR in the PMs of SRC-3 +/+ mice relieved the suppression of GR on AP-1 and NF-κB, and induced the over-activation of PMs. Furthermore, more inflammatory cytokines are released and SIRS is induced by the uncontrolled inflammatory reaction. However, the decrease in the GR protein expression in SRC-3 -/-mice was significantly lower compared to that in the SRC-3 +/+ mice. The results revealed that SCR-3 deficiency protects the function of GR and prevents the development of SIRS by restricting the extent of glucocorticoid resistance. In addition, the suppression of the immune function of PMs can be strengthened by SCR-3 deficiency. These results demonstrate that SCR-3 may be related to the co-activation of AP-1 and NF-κB, and SCR-3 deficiency affects the expression and function changes of GR.
NF-κB specifically binds the κB sites in the promoter or enhancer region of cytokines and adherence factors, which is necessary for the regulation of the immune response, inflammatory reaction, cell differentiation and development, cell adhesion and cell apoptosis, and initiates and regulates the transcription of these genes. Therefore, NF-κB plays important roles in the body's immune response, inflammatory reaction and cell differentiation and development (21) . The p50/p65 heterodimer is the major component of intracellular NF-κB (22) . In our study, the levels of NF-κB p65 protein expression in PMs of SRC-3 +/+ mice were significantly higher than those of the SRC-3 -/-mice under normal conditions. In view of the importance of NF-κB in the process of the immune response, the results of our study showed that the relative lack of NF-κB expression was induced by SCR-3 deficiency; accordingly, immunosuppression of normal PMs was induced. SCR-3 is the co-activator of NF-κB, and overexpression of SCR-3 significantly increases NF-κB transcription activity based on TNF-α induction, in a dose-dependent manner, and is critically involved in immune and inflammation reactions mediated by NF-κB (23) . NF-κB is an important transcription factor, and the increase in its expression and activity affects the function of GR through complex mechanisms, and decreases the biological effect of GR or even induces GCR. The presence of GCR in PMs from SRC-3 +/+ mice promoted PMs to release abundant inflammatory cytokines, and the inflammatory cascade reaction was activated; accordingly, over-activation of PMs was induced through positive feedback reaction.
The over-activation of PMs is an important cause for resistance mechanism disorders in the body. The incidence and death rate of infection is increased due to immunosuppression following severe trauma, and the reason is the activation of cycloxygenase-2 (COX-2), which is induced by the activation of NF-κB; then the production of PEG2 is increased. PEG2 is a powerful endogenous immunodepressant which suppresses the mitosis of T-cells, neutrophil chemotaxis and antibody synthesis of B-lymphocyte cells (24) . Chen et al (25) showed that LPS induces the activation of NF-κB and AP-1 through the activation of the p38 MAPK, and induces the release of NO and PEG2. However, the increase in NO and PEG2 induces the aggravation of inflammation and immune-reaction suppression, respectively. Therefore, SCR-3 deficiency prevents the over-activation of PMs partly by suppressing the activity of NF-κB. It appears that SCR-3 deficiency helps to prevent the occurrence of the immune function suppression of the body. However, NF-κB plays an important role in the normal immune response of PMs, the severe regulation of NF-κB function induced by SCR-3 deficiency inevitable induced a partial loss of immune response function of PMs. Accordingly, resistance mechanism disorders will be induced or aggravated. The bidirectional effects of SCR-3 maintain the dynamic equilibrium between the inflammatory reaction and immune response of PMs.
AP-1 consists of the Fos/Jun heterodimer or Jun/Jun heterodimer, and the most common form of AP-1 is c-Jun/ c-Fos, which mediates cell proliferation, differentiation and expression of inflammatory cytokines. The inflammatory protein regulated by AP-1 also includes TNF-α, IL-1, IL-6, IL-8, MIP-1α, MCP-1, ICAM-1, VCAM-1 and iNOS. AP-1 is an important transcription factor of the extracellular signalregulated kinase (ERK) pathway (26) . ERK pathway is an important pathway related to cell proliferation and differentiation, which can be activated by inflammatory cytokines, such as IL-6 and TNF-α.
Our study showed that the levels of c-Jun and c-Fos protein expression in PMs from the SRC-3 -/-mice were not significant different from those of the SRC-3 +/+ mice. However, c-Jun and c-Fos protein expression of PMs was increased at 4 h following stimulation with LPS. The MAPK pathway can be activated to different extents by LPS, and can induce an increase in c-Jun and c-Fos expression; then, AP-1 is activated. AP-1 regulates the transcription of abundant inflammatory cytokines; on the one hand, the increase in its activity promotes the release of inflammatory cytokines; on the other hand, the down-regulation of GR expression and function is induced by protein-protein interaction, and GCR and SIRS are induced. Subsequently, the over-activation and resistance mechanism disorders of PMs are induced. The results of our study showed that the increase in c-Jun and c-Fos expression in PMs in SRC-3 -/-mice was significantly lower than that in SRC-3 +/+ mice (p<0.01). Therefore, SCR-3 deficiency partly suppresses the expression and activation of AP-1. LPS induces a large secretion of inflammatory cytokines, such as TNF-α and IL-1β, and the synthesis and secretion of these inflammatory cytokines are related to the expression and activity of AP-1. Previous studies have demonstrated that SCR-3 deficiency suppresses the transcriptional activation of inflammatory cytokines, such as TNF-α and IL-1β, in PMs and decreases the synthesis and secretion of inflammatory cytokines induced by LPS. The suppression of the expression and activity of AP-1 is possible since the synthesis and secretion of inflammatory cytokines (such as TNF-α and IL-1β) were relatively insufficient after SCR-3 deficiency. The activation of AP-1 could be suppressed to some extent by SCR-3 deficiency, and the overactivation of PMs is reduced. However, immune suppression of PMs may be induced based on the relative strengthening of GR's function. Accordingly, the regulation of SCR-3 in macrophages is extremely complex, and SCR-3 may play a key role in the inflammation and immune responses in macrophages.
